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(54) Apparatus and method for sheet registration using a single sensor 



(57) A deskewing and registering device for an elec- 
trophotographic printing machine. A single sensor de- 
termines the position and skew of a sheet in a paper 
path and generate signals indicative thereof. A pair of 
independently driven nips forward the sheet to a regis- 
tration position in skew and at the proper time based on 



signals from a controller which interprets the position 
signals and generates the motor control signals. An ad- 
ditional single sensor can be used at the registration po- 
sition to provide feedback for updating the control sig- 
nals as rolls wear or different substrates having different 
coefficients of friction are used. 
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Description 

[0001] This invention relates generally to a sheet reg- 
istration system, and more particularly concerns an ac- 
curate, apparatus and method for registering sheets in 
a high speed printing machine using only a single sen- 
sor. 

[0002] In a typical electrophotographic printing proc- 
ess, a photocbnductive member is charged to a sub- 
stantially uniform polential so as to sensitize the surface 
thereof. The charged portion of the photoconductive 
member is exposed to a light image of an original doc- 
ument being reproduced. Exposure of the charged pho- 
toconductive member selectively dissipates the charges 
thereon in the irradiated areas. This records an electro- 
static latent image on the photoconductive member cor- 
responding to the informational areas contained within 
the original document. After the electrostatic latent im- 
age is recorded on the photoconductive member, the la- 
tent image is developed by bringing a developer mate- 
rial into contact therewith Generally, the developer ma- 
terial comprises toner particles adhering triboelectrically 
to carrier granules. The toner particles are attracted 
from the carrier granules to the latent image forming a 
loner powder image on the photoconductive member. 
The toner powder image is then transferred from the 
photoconductive member to a copy sheet. The toner 
particles are heated to permanently affix the powder im- 
age to the copy sheet. 

[0003] High quality documents require registration of 
sheets of paper or other substrate to the photoreceptor 
for image transfer. Accurate registration control locates 
the image consistently with respect to the edge of the 
paper. This invention describes a sheet registration ap- 
paratus and method which senses the position of a 
sheet at a first location and generates a set of control 
signals to cause the sheet to arrive at a second location 
in proper registry and skew. 

[0004] Some portions of the foregoing disclosures 
may be briefly summarized as follows: 
[0005] 4,438,917 describes a device for feeding 
sheets from a supply station aligning the sheets in an X, 

Y and theta coordinates and then gating the sheet into 
a work station. The device includes a pair of independ- 
ently servo controlled motors disposed on opposite 
sides of the sheet. Each motor drives a nip roller which 
transports the copy sheet. Sensors are disposed to gen- 
erate signals representative of sheet position in the X, 

Y and theta coordinates, which signals are used by the 
controller to adjust the angular velocity of the motor so 
that the sheet is squared and is gated onto the work sta- 
tion. 

[0006] 4,511,242 describes a device utilizing elec- 
tronic alignment of paper feeding components in a ma- 
chine such as an electrophotographic copier. Alignment 
is obtained by placing an original master containing ver- 
nier calibrations on the document class and a target 
master containing vernier calibrations in the copy paper 



bin. The machine is operated to produce a copy of the 
original master onto the target master producing a dou- 
ble set of vernier calibrations on the target master, 
which, when compared, provide information relating to 

5 skew angle, side edge relationship and leading edge 
alignment of the image to the copy paper. The vernier 
calibrations provide data which are read into a micro- 
processor controlled copy feeding servo mechanism to 
correct copy paper position and remove misalignment. 

io This operation is repealed for various combinations of 
paper feed paths so that the copy paper matches image 
position for all modes of copier operation. Additionally, 
sensors are located in the paper path to automatically 
correct for deviations in the copy sheet feeding unit, 

'5 caused by wear, for example, over a period of time. 
[0007] 4,519,700 describes a xerographic image 
transfer device in which copy sheets are sequentially 
aligned' and position sensed before introduction to the 
image transfer zone. The position sensing is used to 

20 compare the copy sheet location with the position of the 
image panel on a moving photoconductor. The timing 
and velocity profile of the copy sheet drive after the po- 
sition sensing is arranged so that the copy sheet arrives 
in registry with the image panel and at the same velocity. 

2$ [0008] 4,971 ,304 describes a method and apparatus 
for an improved active sheet registration system which 
provides deskewing and registration of sheets along a 
paper path in X, Y and theta directions. Sheet drivers 
are independently controllable to selectively provide dif- 

30 ferential and non differential driving of the sheet in ac- 
cordance with the position of the sheet as sensed by an 
array of at least three sensors. The sheet is driven non 
differentially until the initial random skew of the sheet is 
measured. The sheet is then driven differentially to cor- 

35 rect the measured skew, and to induce a known skew. 
The sheet is then driven non differentially until a side 
edge is detected, whereupon the sheet is driven differ- 
entially to compensate for the known skew. Upon final 
deskewing, the sheet is driven non differentially out- 

<o wardly from the deskewing and registration arrange- 
ment. 

[0009] 5, 078,384 describes a method and apparatus 
for deskewing and registering a copy sheet, including 
the use of two or more selectably controllable drive rolls 

45 operating in conjunction with sheet skew and lead edge 
sensors, for frictionally driving and deskewing sheets 
having variable lengths. Subsequently, the sheets will 
be advanced so as to reach a predefined registration 
position at a predetermined velocity and time, at which 

50 point the sheets will no longer be frictionally engaged by 
the drive rolls. 

[001 0] 5,094,442 describes a position registration de- 
vice for sheets in a feed path achieved without using 
guides or gates. Laterally separated drive rolls are 
55 speed controlled to correct for skew mis-positioning. 
Lateral registration is achieved by translation of the drive 
rolls transversely to the direction of sheet movement. 
Longitudinal registration is controlled by varying the 
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speeds of the drive rollers equally. 
[0011] 5,156, 391 describes an apparatus and meth- 
od to deskew sheets in a short paper path In an electro- 
photographic printing machine by differentially driving 
two sets of rolls so as to create a paper buckle buffer 
zone in the sheet and then differentially driving a roll set 
to correct the skew while the sheet is still within the nips 
of multiple drive roll sets. 

[0012] 5,169,140 describes a method of deskewing 
and side registering a sheet which includes the step of 
driving a sheet non differentially in a process direction 
with a sheet driver, the sheet haying an unknown mag- 
nitude of side to side registration and an unknown initial 
angle of skew. The method further includes the steps of 
measuring the initial skew angle with a sensing mecha- 
nism and driving the sheet differentially with the sheet 
driver to compensate for the magnitude of side to side 
misregistration and thereby induce a registration angle 
of skew. The method includes the steps of measuring 
the registration angle of skew with a sensing mechanism 
and summing the initial angle of skew and the registra- 
tion angle of skew so as to determine an absolute angle 
of skew. The method includes driving the sheet differ- 
entially with the sheet driver to compensate for the ab- 
solute angle of skew so that the sheet is deskewed and 
one edge of the sheet is side registered. 
[0013] 5,273,274 describes a sheet feeding and lat- 
eral registration system including feed rollers for feeding 
sheets in a process direction and registration apparatus 
for registering each sheet in a direction laterally of the 
process direction. The registration apparatus includes 
a shifting system for laterally shifting a carriage on which 
the feed rollers are mounted. A single edge sensor is 
arranged to provide a signal on detecting the presence 
of a sheet, and a control controls the lateral shifting sys- 
tem in response to that signal. The control is operated 
such that if the sheet is not detected by the sensor on 
initial entry of the sheet into the feed rollers, then the 
shifting system is activated to move the feed rollers lat- 
erally towards the sensor until the sheet is detected by 
the sensor, whereupon the lateral movement is stopped. 
If the sheet is detected by the sensor on initial entry of 
the sheet into the system, then the shifting system is 
activated to move the feed rollers laterally away from 
the sensor until the sensor no longer detects the sheet, 
and then the shifting system is reverse activated to lat- 
erally move the feed rollers back towards the sensor- un- 
til the sheet is again detected by the sensor. 
[0014] 5,278,624 describes a registration system for 
copy sheets using a pair of drive rolls and a drive system 
for commonly driving both drive rolls, a differential drive 
mechanism is provided for changing the relative angular 
position of one of the rolls with respect to the other roll 
to deskew the copy sheet. A control system is supplied 
with inputs representative of the skew of the copy sheet 
and controls the differential drive mechanism to deskew 
the copy sheet. 

[001 S] 5,678,159 describes a deskewing and regis- 



tering device for an electrophotographic printing ma- 
chine. A single set of sensors determine the position and 
skew of a sheet in a paper path and generate signals 
indicative thereof. A pair of independently driven nips 

5 forward the sheet to a registration position in skew and 
at the proper time based on signals from a controller 
which interprets the position signals and generates the 
motor control signals. An additional set of sensors can 
be used at the registration position to provide feedback 

10 for updating the control signals as rolls wear or different 
substrates having different coefficients of friction are 
used. 

[0016] In accordance with one aspect of the present 
invention there is provided an apparatus for registering 
'5 and deskewing a sheet along a paper path, comprising 
a single sensor, located along an edge of the paper path, 
to sense a position of a sheet in the paper path and to 
generate a signal indicative thereof, a pair of independ- 
ently driven drive nips located in the paper path for for- 
warding a sheet therealong and a controller, to receive 
signals from said single sensor and to generate motor 
control drive'signals for said pair of independently driven 
drive nips so as to deskew and register a sheet at a reg- 
istration position in the paper path. 
[0017] Pursuant to another aspect of the present in- 
vention, there is provided an electrophotographic print- 
ing machine having a device for registering and deskew- 
ing a sheet along a paper path comprising a single sen- 
sor, located along an edge of the paper path, to .sense 
a position of a sheet in the paper path and to generate 
a signal indicative thereof, a pair of independently driven 
drive nips located in the paper path for forwarding a 
sheet therealong and a controller, to receive signals 
from said single sensor and to generate motor control 
drive signals for said pair of independently driven drive 
nips so as to deskew and register a sheet at a registra- 
tion position in the paper path. 

[0018] Pursuant to yet another aspect of the present 
invention, there is provided a method for registering and 
deskewing a sheet along a paper path, comprising sens- 
ing the lead edge position and edge position of a sheet 
with a single sensor, determining a skew angle error and 
a registration position error of the sheet and generating 
signals indicative thereof and driving a pair of drive nips 
independently pursuant to a set of signals as a function 
of the skew angle error and registration position error so 
that the sheet arrives at a registration position at a prop- 
er time and in proper alignment position. 

Figure 1 is a schematic elevational view depicting 
an illustrative electrophotographic printing machine 
incorporating a sheet registration device of the 
present invention; 

Figure 2 is a detailed plan view of the sheet regis- 
tration device described herein. 
Figure 3 is a detailed plan view of a second embod- 
iment OF the sheet registration device described 
herein. 
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Figure 4 is a detailed plan view illustrating the op- 
eration of the first embodiment of the sheet regis- 
tration device described herein. 

[001 9] Referring to Fig. 1 of the drawings, the electro- 
photographic printing machine employs a photoconduc- 
tive belt 10. Preferably, the photoconductive belt 10 is 
made from a photoconductive material coated on a 
ground layer, which, in turn, is coated on an anti-curl 
backing layer. The photoconductive material is made 
f rom a transport layer coated on a selenium generator 
layer The transport layer transports positive charges 
from the generator layer. The generator layer is coated 
on an interface layer. The interface layer is coated on 
the ground layer made from a titanium coated Mylar®. 
The interface layer aids in the transfer of electrons to 
the ground layer. The ground layer is very thin and al- 
lows light to pass therethrough. Other suitable photo- 
conductive materials, ground layers, and anti-curl back- 
ing layers may also be employed. Belt 10 moves in the 
direction of arrow 1 2 to advance successive portions se- 
quentially through the various processing stations dis- 
posed about the path of movement thereof. Belt 10 is 
entrained about stripping roller 14 ; tensioning roller 16, 
idler roll 18 and drive roller 20. Stripping roller 14 and 
idler roller 18 are mounted rotatably so as to rotate with 
belt 10. Tensioning roller 16 is resiliently urged against 
belt 10 to maintain belt 10 under the desired tension. 
Drive roller 20 is rotated by a motor coupled thereto by 
suitable means such as a belt drive. As roller 20 rotates, 
it advances belt 10 in the direction of arrow 12. 
[0020] Initially, a portion of the photoconductive sur- 
face passes through charging station A. At charging sta- 
tion A, two corona generating devices indicated gener- 
ally by the reference numerals 22 and 24 charge the 
photoconductive belt 1 0 to a relatively high : substantial- 
ly uniform potential. Corona generating device 22 plac- 
es all of the required charge on photoconductive belt 1 0. 
Corona generating device 24 acts as a leveling device, 
and fills in any areas missed by corona generating de- 
vice 22. Next, the charged portion of the photoconduc- 
tive surface is advanced through imaging station B. 
[0021] At imaging station B : a raster output scanner 
(ROS), indicated generally by the reference numeral 26, 
discharges selectively those portions of the charge cor- 
responding to the image portions of the document to be 
reproduced. In this way, an electrostatic latent image is 
recorded on the photoconductive surface. An electronic 
subsystem (ESS), indicated generally by the reference 
numerals 28, controls ROS 26. E S S 28 is adapted to 
receive signals from a computer and transpose these 
signals into suitable signals for controlling ROS 26 so 
as to record an electrostatic latent image corresponding 
to the document to be reproduced by the printing ma- 
chine. ROS 26 may include a laser with a rotating poly- 
gon mirror block. The ROS 26 illuminates the charged 
ponion of the photoconductive surface. In this way, a 
raster electrostatic latent image is recorded on the pho- 



toconductive surface which corresponds to the desired 
information to be printed on the sheet. Other types of 
imaging systems may also be used employing, for ex- 
ample, a pivoting or shif table LED write bar or projection 
S LCD (liquid crystal display) or other electro-optic display 
as the "write" source. 

[0022] Thereafter, belt 10 advances the electrostatic 
latent image recorded thereon to development station 
C. Development station C has three magnetic brush de- 

io veloper rolls indicated generally by the reference nu- 
merals 34, 36 and 38. A paddle wheel picks up devel- 
oper material and delivers it to the developer rolls. When 
the developer material reaches rolls 34 and 36, it is mag- 
netically split between the rolls with half of the developer 

is material being delivered to each roll. Photoconductive 
belt 10 is partially wrapped about rolls 34 and 36 to form 
extended development zones. Developer roll 38 is a 
clean-up roll. A magnetic roll, positioned after developer 
roll 38, in the direction of arrow 12 is a carrier granule 

20 removal device adapted to remove any carrier granules 
adhering to belt 10. Thus, rolls 34 and 36 advance de- 
veloper material into contact with the electrostatic latent 
image. The latent image attracts toner particles from the 
carrier granules of the developer material to form a toner 

25 powder image on the photoconductive surface of belt 
10. Belt 10 then advances the toner powder image to 
transfer station D. 

[0023] At transfer station D, a copy sheet is moved 
into contact with the toner powder image. First, photo- 

30 conductive belt 1 0 is exposed to a pre-transfer light from 
a lamp (not shown) to reduce the attraction between 
photoconductive belt 10 and the toner powder image. 
Next, a corona generating device 40 charges the copy 
sheet to the proper magnitude and polarity so that the 

35 copy sheet is tacked to photoconductive belt 10 and the 
toner powder image attracted from the photoconductive 
belt to the copy sheet. After transfer, corona generator 
42 charges the copy sheet to the opposite polarity to 
detack the copy sheet from belt 10. Conveyor 44 ad- 

40 vances the copy sheet to fusing station E. 

[0024] Fusing station E includes a f user assembly in- 
dicated generally by the reference numeral 46 which 
permanently affixes the transferred toner powder image 
to the copy sheet. Preferably, fuser assembly 46 in- 

^5 eludes a heated fuser roller 48 and a pressure roller 50 
with the powder image on the copy sheet contacting fus- 
er roller 48. The pressure roller is cammed against the 
fuser roller to provide the necessary pressure to fix the 
toner powder image to the copy sheet. The fuser roll is 

50 internally heated by a quartz lamp. Release agent, 
stored in a reservoir, is pumped to a metering roll. A trim 
blade trims off the excess release agent. The release 
agent transfers to a donor roll and then to the fuser roll. 
[0025] After fusing, the copy sheets are fed through a 

55 decurler 52. Decurler 52 bends the copy sheet in one 
direction to put a known curl in the copy sheet and then 
bends it in the opposite direction to remove that curl. 
Forwarding rollers 54 then advance the sheet to duplex 
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turn roll 56. Duplex solenoid gate 56 guides the sheet 
to the finishing station F, or to duplex tray 60. At finishing 
station F, copy sheets are stacked in a compiler tray and 
attached to one another to form sets. The sheets. can 
be attached to one another by either a binder or a sta- 
pler. In either case, a plurality of sets of documents are 
formed in finishing station F. When duplex solenoid gate 
58 diverts the sheet into duplex tray 60. Duplex tray 60 
provides an intermediate or buffer storage for those 
sheets that have been printed on one side and on which 
an image will be subsequently printed on the second, 
opposite side thereof, i.e., the sheets being duplexed. 
The sheets are stacked in duplex tray 60 face down on 
top of one another in the order in which they are copied. 
[0026] In order to complete duplex copying, the sim- 
plex sheets in tray 60 are fed, in seriatim, by bottom 
feeder 62 from tray 60 back to transfer station D via con- 
veyor 64 and rollers 66 for transfer of the toner powder 
image to the opposed sides of the copy sheets. Inas- 
much as successive bottom sheets are fed from duplex 
tray 60, the proper or clean side of the copy sheet is 
positioned in contact with belt 10 at transfer station D 
so that the toner powder image is transferred thereto. 
The duplex sheet is then fed through the same path as 
the simplex sheet to be advanced to finishing station F. 
[0027] Copy sheets are fed to transfer station D from 
the secondary tray 68. The secondary tray 68 includes 
an elevator driven by a bidirectional AC motor. Its con- 
troller has the ability to drive the tray up or down. When 
the tray is in the down position, stacks of copy sheets 
are loaded thereon or unloaded therefrom. In the up po- 
sition, successive copy sheets may be fed therefrom by 
sheet feeder 70. Sheet feeder 70 is a friction retard feed- 
er utilizing a feed belt and take-away rolls to advance 
successive copy sheets to transport 64 which advances 
the sheets to rolls 98 which feed the sheets to the reg- 
istration device of the invention herein, described in de- 
tail below, and then to transfer station D. 
[0028] Copy sheets may also be fed to transfer station 
D from the auxiliary tray 72. The auxiliary tray 72 in- 
cludes an elevator driven by a directional AC motor. Its 
controller has the ability to drive the tray up or down. 
When the tray is in the down position, stacks of copy 
sheets are loaded thereon or unloaded therefrom. In the 
up position, successive copy sheets may be fed there- 
from by sheet feeder 74. Sheet feeder 74 is a friction 
retard feeder utilizing a feed belt and take-away rolls to 
advance successive copy sheets to transport 64 which 
advances the sheets to rolls 98 to the registration device 
and then to transfer station D. 

[0029] Secondary tray 68 and auxiliary tray 72 are 
secondary sources of copy sheets. The high capacity 
sheet feeder, indicated generally by the' reference nu- 
meral 76, is the primary source of copy sheets. Feed 
belt 81 feeds successive uppermost sheets from the 
stack to a take-away drive roll 82 and idler rolls 84. The 
drive roll and idler rolls guide the sheet onto transport 
86. Transport 86 advances the sheet to rolls 98 which, 



in turn, move the sheet through the registration device 
to transfer station D. 

[0030] Invariably, after the copy sheet is separated 
from the photoconductive belt 10, some residual parti- 

5 cles remain adhering thereto. After transfer, photocon- 
ductive belt 10 passes beneath corona generating de- 
vice 94 which charges the residual toner particles to the 
proper polarity. Thereafter, the pre-charge erase lamp 
(not shown), located inside photoconductive belt 1 0, dis- 

10 charges the photoconductive belt in preparation for the 
next charging cycle. Residual particles are removed 
from the photoconductive surface at cleaning station G. 
Cleaning station G includes an electrically biased clean- 
er brush. 88 and two de-toning rolls. The reclaim roll is 

15 electrically biased negatively relative to the cleaner roll 
so as to remove toner particles therefrom. The waste 
roll is electrically biased positively relative to the reclaim 
roll so as to remove paper debris and wrong sign toner 
particles. The toner particles on the reclaim roll are 

20 scraped off and deposited in a reclaim auger (not 
shown), where it is transported out of the rear of cleaning 
station G. 

[0031] The various machine functions are regulated 
by a controller 29. The controller 29 is preferably a pro- 

2S grammable microprocessor which controls all of the ma- 
chine functions hereinbefore described. The controller 
provides a comparison count of the copy sheets, the 
number of documents being recirculated, the number of 
copy sheets selected by the operator time delays, jam 

30 corrections, etc. The control of all the exerriplary^sys- 
tems heretofore described may be accomplished by 
conventional control switch inputs from the printing ma- 
chine consoles selected by the operator. Conventional 
sheet path sensors or switches may be utilized to keep 

35 track of the position of the. document and Jhe copy 
sheets. In addition, the controller regulates the various 
positions of the gates depending upon the mode of op- 
eration selected. 

[0032] The invention herein has been illustrated in a 
40 high speed black and white printing machine. It is also 
very suitable for use in a high speed full color or highlight 
color printing machine where accurate sheet to image 
registration is critical. 

[0033] High quality documents require registration of 
45 sheets of paper to the photoreceptor for image transfer. 
Accurate registration control locates the image consist- 
ently with respect to the edge of the paper. 
[0034] In the registration systems described by these 
documents, each copy sheet 11 is delivered from the 
50 paper tray to the registration mechanisms by standard 
conveyance means. The registration mechanisms con- 
sist of two separately programmed pinch rollers 1 1 4, 1 1 6 
laterally disposed with respect to the process direction. 
. The position of the pinch rollers should always remain 
55 in control of the sheets while the distance between roll- 
ers should be maximized for best performance. When 
the copy sheet 1 1 comes in control of the pinch rolls 114, 
116, one of its forward corners comes in the range of a 
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linear position sensor 132 positioned with its long axis 
substantially transverse to the process direction desig- 
nated by arrow 100 so as to always be partially covered 
by one of the lateral edges of the sheet 11 . Two possible 
arrangements are shown in Fig. 2 and Fig. 3. In the 
former, the sensor 132 is in line with the pinch rollers 
114, 116 and in the latter the sensor 132 is not in line 
with the rollers 114, 116. 

[0035] Referring to Figures 2 and 3 t when the forward 
right corner of the sheet 11 first comes over the sensor 
132 partially covering it, the resulting signal suddenly 
changes. The time at which this occurs is in indication 
of the relative forward position of the sheet 11 with re- 
spect to its travel schedule. The magnitude of the sensor 
signal measures the lateral position of the forward right 
corner of the sheet. The last datum to describe the sheet 
state of registration is the angle 0 which it forms with a 
reference straight line such as the process direction or 
a line parallel thereto. This can be evaluated by the fol- 
lowing: 

a. since the independently controlled pinch wheel 
speeds V 1 and V 2 are known- at all times, the for- 
ward and lateral components of velocity, V f and V, 
respectively, of the sheet at the sensor can be cal- 
culated; 

b. the skew angle 0 of the sheet lateral side is com- 
puted as a ratio where: 

1 . the numerator is the difference between the 
rate of change of the sensor signal and the lat- 
eral velocity component of the sheet over the 
sensor. 

2. the denominator is the forward velocity com- 
ponent of the sheet at the sensor. 

These are represented by the equations: 



V. = D. 



15 



20 



25 



30 



35 



40 



trol and a continuous knowledge of the skew angle 
throughout the registration action. Proper motion for the 
wheels can then be synthesized to achieve the desired 
outlet registration which usually consists of: 

a. the coordinates of the forward right corner of the 
sheet must achieve a given value at a given time; 

b. the speed of the forward right corner must be of 
a given value; 

c. the skew angle of the sheet must be equal to zero. 

An additional single sensor 134 (Figs. 2 and 3) can be 
used at a downstream position to provide feedback for 
updating the control signals as rolls wear or different 
substrates having different coefficients of friction are 
used. 



Claims 

1 . An apparatus for registering and deskewing a sheet 
along a paper path, comprising: 

a single sensor, located along the paper path, 
to sense a position of a sheet in the paper path 
and to generate a signal indicative thereof; 
a pair of independently driven drive nips located 
in the paper path for forwarding a sheet the- 
realong; 

a controller, to receive signals from said single 
sensor and to generate motor control drive sig- 
nals for said pair of independently driven drive 
nips so as to deskew and register a sheet at a 
registration position in the paper path down- 
stream in the path from said single sensor, 
wherein said single sensor comprises: 
a first edge sensor located along a peripheral 
edge of the paper path, to sense both the arrival 
of a lead edge of a sheet and the lateral edge 
position of a sheet. 



V - D *V /D 2 * An a PP aratus according to claim 1, further compris- 



ing a second single sensor located at a position 
downstream of said first single sensor at the regis- 
y - D *V /D 45 tration position to sense the position of the sheet 

1 f 1 1 and to generate signals indicative thereof. 



0 = ((dP/dt) - V,]/V f 

[0036] Fig. 4 graphically indicates the concept of skew 
determination where P is the desired registration posi- 
tion at the sensor. In performing the above-indicated cal- 
culation, the configuration of Fig. 2 offers the simplifica- 
tion of having a lateral velocity V, component ol the sheet 
equal zero. 

[0037] This methodology allows complete knowledge 
of the state of sheet registration at the initial time of con- 



3. An apparatus according to claim 2, wherein the sig- 
nals from said second single sensor are used to up- 

50 date said controller so that sheets are properly 
deskewed and registered. 

4. An electrophotographic printing machine having a 
device for registering and deskewing a sheet along 

55 a paper path comprising: 

a single sensor, located along the paper path, 
to sense a position of a sheet in the paper path 
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and to generate a signal indicative thereof; 
a pair of independently driven drive nips located 
in the paper path for forwarding a sheet the- 
realong; 

a controller, to receive signals from said single 5 
sensor and to generate motor control drive sig- 
nals for said pair of independently driven drive 
nips so as to deskew and register a sheet at a 
registration position in the paper path, wherein 
said single sensor comprises: 10 
a first edge sensor located along a peripheral 
edge of the paper path, to sense both the arrival 
of a lead edge of a sheet and the lateral edge 
position of a sheet. 

15 

A printing machine according to claim 4, further 
comprising a second single sensor located at a po- 
sition downstream of said first single sensor at the 
registration position to sense the position of the 
sheet and to generate signals indicative thereof. 20 

< r A "printing machine r aecordirig to claim 5, wherein* ■ 
the signals from said second single sensor are used 
to update said controller so that sheets are properly 
deskewed and registered. 25 

A method for registering and deskewing a sheet 
along a paper path, comprising: 

sensing the lead edge position and edge posi- 30 
tion of a sheet with a single sensor; 
determining a skew angle error and a registra- 
tion position error of the sheet and generating 
signals indicative thereof; 

driving a pair of drive nips independently pur- 35 
. suant to a set of signals as a function of the 
skew angle error and registration position error 
so that the sheet arrives at a registration posi- 
.. ... Jion^downstream in the paper path from the sin- 
gle sensor at a proper time and in proper align- *o 
ment position. 



A method according to claim. 7, further comprising 
checking a position of the sheet at the registration 
position with a second single sensor and sending 45 
the position information to a controller to update a 
drive.control function. 
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